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50 METHODS

This SOP describes Environmental Protection Agency (EPA)-approved discharge measurement
methods Methods are based on known conditions at RFP A variety of discharge measurement
methods are required because flow conditions differ from site to site In consideration of these
varied conditions, this SOP descrnibes possible flow conditions that may be encountered and
describes methods that are to be used based on the site-speafic flow conditions

Because of the dynamic nature of surface water charactenstics, flow measurcment by the methods
described 1n this document may be impossible at some sites. If immeasurable flow conditions are
encountered at a surface water data collection site, the ficld crew will attempt to measure flow at
a point upstream or downstream of the site Whether or not 2 measurement 1s made, the crew wll
note the conditions that inhibited accurate flow measurement at the designated site

Selection of discharge measurement methods s based on the following existing conditions at RFP

. Flumes to be mstalled at RFP are Parshall flumes

. Pipes mn and around the protected area (PA) contain grawvity flow (These may be
difficult to reach with a velocity measuning device)

. Many stream channels are rocky and historical stream discharge measurements
indicate that portable flumes failed to adequately contain flow

In view of these existing physical constraints, Table SW 4-1, Discharge Measurement Methods Based
on the Type of Site, will be consulted to select the method used at a particular site

The control structure (flume) method should be used for discharge measurements in streams or
ditches when flumes are in place and operational. The volumetric method, is to be used only for
measurement of discharge from pipes.

(4011-940-0100-940)(SWAREV.2)(02/27/92)
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Table SW.4-1

DISCHARGE MEASUREMENT METHODS
BASED ON THE TYPE OF SITE

Type of Site Method
Pipe Volumetric
Flume Flume
@
Flume, with aquatic vegetation Veloaty-area
Stream channel, no flume Veloaty-area
Ditch Velocty-area
NPDES discharge locations Flume with totalizer readings

It 1s recommended that the velocity-area method be used at specific sites where aquatic vegetation
or other matenals located mn the flume or in the channel downstream from the flume may produce
backwater conditions. Backwater conditions are discussed m Subsection 5.1.3.2, which describes

required measurement conditions for flumes

(4011-940-0100-940) (SWAREV.2)(02/27/92)
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51 BUCKET AND STOPWATCH VOLUMETRIC METHOD

The volumetnic method 1s a ssmple and accurate method for measuring flow from small discharges
and will be utihzed at RFP to measure grawity flow discharges from pipe outlets. This method
mvolves observing the time required to fill a contamner of known capacity, or the time required to
partly fill a calibrated contamner to a known volume Alternatively, in the case of measuring
discharge remotely 1n a sump or standpipe setting, the volumetric method may be performed by
capturing flow 1 a contaner for a set period of time no less than 10 seconds. This volume of
water 1s then measured and discharge 1s determined

. §1.1 Equipment

The "bucket and stopwatch" technique 1s particularly useful for the measurement of small flows
Equpment required to make this measurement 1s a calibrated container and a stopwatch For

measurements at RFP, calibrated contamners of varymng sizes will include

\ U 5-gallon cahbrated bucket
. 2-liter graduated cylinder
. 1-hter graduated cylinder
. 1-hter beaker

. 500-milhihter beaker

. 250-mulhliter beaker

w Extension rods will be used to hold a contaner for captuning flow 1n enclosed arcas contaiming
discharging pipes

(4011-940-0100-940)(SW4REV.2)(02/27/92)
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512 Maintenance and Calibration Procedures

513

Graduated cylinders are incremented 1n terms of milliliters and can be easily converted to gallons
The mcremental volume of a 5-gallon bucket can be determined by adding known volumes of water
and recording the depth after each addition

Field Procedures

In accordance with SOP SW 1, Surface Water Data Collection Actvities, the field crew will assess
the type of site being wisited Upon arnival at the site, the techmcians will evaluate the flow
conditions to select the appropriate method for flow measurement If the flow conditions meet those
outhned 1n Subsection 511, then the techmcians will observe and use judgement m approximating
the flow volume and will select an appropnately sized volumetnc container to use the volumetric

method of flow measurement

A techmcaian will use a stopwatch to measure the ime required to fill a volumetric contamer The
techmcian will tme flow nto the contamer for a mmmum of 10 seconds Three consecutive
measurements will be made and noted, and the results averaged to determine the discharge

If remote measurement 15 necessary, a contamer will be attached to an extension rod. The
techmaian will ime flow for a mimimum of 10 seconds The volume of water will then be poured
mto a calibrated contamner, measured, and recorded Three such measurements will be made,
noted, and the results averaged to determine the discharge

(4011-940-0100-940)(SWAREV .2)(02/27/92)
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514  Discharge Calculations

Discharge will be determmed mitially in gallons per second (gal/s) or in milliliters per second
(ml/s) These values will be noted, but the averaged value wall be reported 1n cubic feet per second
(cfs) Calculations will be performed as follows

. Record cach of the three measurements in terms of gallons per second or

mullilters per second, depending on the volumetric contamner

. If one of the three measurements 1s 50 percent or more different from the other
two measurements, then this value will not be used Instead, three additional
measurements will be taken and, provided that none of these measurements differs
by greater than 50 percent from the other two measurements, these values will be

used
. Average the three values
. Convert the averaged value to cfs as follows

- to convert ml/s to cfs, multiply by 3.53 x 10°
- to convert gal/s to cfs, multiply by 0.134

Record discharge in cubic feet per second (cfs).

52 VELOCITY-AREA METHOD

The vertical axis current meter has been selected to perform velocity-area method discharge
measurements A common type of vertical axis current meter 1s the Price meter, type AA (see

(4011-940-0100-940)(SWAREV..2)(02/27/92)
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521

Figure SW 4-1) A current meter is an instrument used to measure the veloaty of flowing water

The princple of operation 1s based on the proportionahity between the velocaty of the water and the
resulting angular velocity of the meter rotor By placing a current meter at a point in a stream and
counting the number of revolutions of the rotor during a measured interval of ime, the veloaity of
water at that point 1s determmed. The number of revolutions of the rotor 1s obtamed by an
electrical arcuit through the contact chamber Contact pomnts in the chamber are designed to
complete an electrical circuit at selected frequencies of revolution. The electrical impulse produces
an audible click 1 a headphone The mtervals during which meter revolutions are counted are timed
with a stopwatch

A Price pygmy meter will be used 1n shallow depths and low veloaties (see Figure SW 4-1). The
pysmy meter 1s scaled two-fifths as large as the type AA meter The pygmy meter makes one
contact (click) per revolution while the type AA meter can make one click per revolution or one
chick per five revolutions The predominant flow conditions 1n channehzed streams at RFP indicate
that the pygmy meter will be used far more frequently than the Prnice AA meter

Introduction

The current meter measures velocity at a pomnt The velocity-area method requires measurement
of the mean veloaity in selected subsections of the stream cross section. By dividing the stream
width into subsections, discharge becomes the total of discharges measured 1n ecach subsection (see
Figure SW 4-2) Veloaty (v) is measured at each subsection, and discharge becomes the sum of the
products of cach point velocity and cross sectional arca of each subsection.

(4011-940-0100-540)(SWAREV.2)(02/27/92)
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522

Where Q 1s total discharge, v 1s point veloaity, and a 1s the area of the subsection

In general, the hydrographer measunng discharge should strive to measure no more than 5% of the
flow in any one subsection However, for small streams this 1s often impossible. Therefore, the
hydrographer should divide the channel cross-section mnto as many subsections as possible and make
2 completé: discharge measurements using different sections for each Further, subsections need
not be of identical width. Veloaities near banks are generally lower than veloaties near the center
of streams, thus these subsections may be wider than subsections near the center Subsections will
also be more closely spaced if a stream has an unusually deep portion 1n the cross section, or if
velocities are higher than usual for the cross section. The mimmum section width for the AA-meter
1s 40 feet and the mmimum section width for the pygmy meter 1s 30 feet

Typically, veloaties will be measured by current meter for a 40-70 second period. It is recognized
that 40 to 70 seconds 1s not long enough to ensure the accuracy of a single pomt-observation of
veloaty However, because pulsations caused by turbulent and eddyng effects are random and
because veloaty observations during a discharge measurement are made at several verticals, there
1s hittle hikelihood that the pulsations will bias the total measured discharge of a stream Longer
peniods of current meter observation at a point are not used because (1) it is desirable to complete
a discharge measurement before the stage changes significantly and, (2) the use of longer

observation peniods may add sigmficantly to the operating cost of data collection
Required Measurement Conditions

In order to make a veloaty-areca discharge measurement, the following conditions are required.

1 The stream must be channchzed, that 1s, banks must channel the stream flow

(4011-940-0100-940)(SWAREV.2)(02/27/92)
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2, Depth must be greater than 0.2 foot across most of the cross section being

measured.

The 1deal channel cross section 1s trapezoidal in shape, completely smooth in boundary matenals,
and possesses a uniform veloaity distribution It 1s recogmzed that no such cross sectional areas
exist at RFP Therefore, minor modifications to the stream channels wall be used in order to
optimize measurement conditions These modifications may mclude removal of aquatic vegetation,
ice, and moving small stones which impact velocity upstream or downstream of the cross section

Current meter measurements will be made by wading, if conditions permut. The type AA or pygmy
meter 1s used for wading measurements Table SW 4-2 hsts the type of meter and velocity method
to be used for wading measurements at various depths The hydrographer should stand at arm’s

length to the side of the meter

TABLE SW4-2

VELOCITY MEASURING POINT SELECTION

Stream Depth
(ft)

2.5 or more

15-25

03-15
<03

Type of Meter

Type AA
Optional
Optional
Pygmy

Veloaty Measuring Pomnt(s)
(% of Depth)

0.2 and 0.8
0.6

0.6
0.5

Some departure from Table SW 4-2 will be permitted If the stream velocity is high it may not be
possible to count clicks with a pygmy meter. If this occurs the type AA meter should be used. Do
not switch from one meter to another 1n the middle of a discharge measurement.

(4011-940-0100-940)(SWAREV.2)(02/27/92)



DISCHARGE MEASUREMENT

EG&G ROCKY FLATS PLANT Manual: 5.21000-OPS
EMD MANUAL OPERATION SOP Procedure No.: SW.4, Rev. 2
Page: 16 of 36
Effective Date: March 1, 1992
Category 2 Organization: Environmental Management

Under open channel laminar flow conditions, the effect of fluid contact with the bed of a stream
channel and the arr is a vertical distribution of velocities Consistent with this veloaty distribution,
actual observation and mathematical theory has demonstrated that a single measurement of velocity
taken at 0 6-depth or the average of two pont velocities taken at 0.2 and 0.8 of the depth below the
surface accurately results in mean veloaty m the vertical (US G S Water-Supply Paper 2175,133-

134pp)

If the stream 1s generally less than 2 5 feet deep, use the six-tenths (0.6) method. If the stream 1s
generally greater than 2.5 feet, the two-and-eight-tenths (0.2 and 0.8) method, also known as the
two-pomnt method, will be used A complete discussion concernng how to set the wading rod to
place the current meter at proper depths is contained 1n Subsection 5 1.2.5.

In the 0 6-depth method, an observation of velocity made 1n the vertical at 0 6 of the depth below
the surface 1s used as the mean veloaty in the vertical In the two-pont method of measuring
veloaities, observations are made 1n each vertical at 0.2 and 0.8 of the depth below the surface The
average of the two observations 1s taken as the mean veloaty in the vertical,

A depth of 1.25 feet will accommodate the 0 6-depth method without causing the meter to be set
closer than 0.5 feet from the streambed, if the meter is set any closer to the streambed, it will
under-register the veloaty. If the technician 1s at a measurement section that has only a few verticals
shallower than 125 feet, the techmaan should use the type AA meter rather than the pygmy meter
if the depth 1s no less than 0.5 feet at any vertical

Vertical axis current meters do not register velocities accurately when placed close to a vertical wall.
A Price meter held close to a right-bank vertical wall will under-register because the slower water
velocity near the wall strikes the effective (concave) face of the cups The converse 1s true at a left-
bank vertical wall (The terms "left bank” and "right bank" designate direction from the center of

(4011-940-0100-940) (SWAREV.2)(02/27/92)
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523

5231

§232

a stream for an observer facing downstream ) The Price meter also under-regasters when positioned

close to the water surface or close to the streambed

Equipment

Current meters, timers, depth and width measuring devices, and a means of counting meter

revolutions are needed for measurement of discharge The equipment includes

. Top-setting wading rod and Current meter

. Width-measuring devices, either engineer’s tape or taghne
. Digntal counter or headset and stopwatch

. Current meter rating tables

. Stakes for width-measuring devices

. Calculator

Top-setting Wading Rod The depth-measuring device that will be used s the wading
rod The current meter 1s attached to the wading rod The top-setting rod is preferred for

use at RFP because of the convemence in setting the meter at the proper depth and because the
hydrographer’s hands remain dry in the process The top-setting wading rod has a 1/2-nch
hexagonal main rod for measuning depth and a 3/8-1nch diameter round rod for setting the position

of the current meter

Current Meter. Scc description in Subsection 5.1.2,

5233 Engincer’s Tape or Tagline. Tape measures or premarked taglines are used for stream width

measurements Ornientation normal to the flow pattern of the stream and elimination of most of the
sag, through support or tension, are recommended for improved accuracy.

(4011-940-0100-940)(SWAREV.2)(02/27/92)
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5235

524

connection at the top of the wading rod. The digital display shows the number of seconds of
clapsed tme The hydrographer stops the counter after 40 or more seconds, and the counter
automatically displays the veloaty

If the digital counters are unavailable, the headset will be used as a means for determining the
number of revolutions A headset attaches to an electronic connection at the upper end of the
wading rod The hydrographer wears this headset to hsten to the andible chicking sounds produced
by current meter revolutions The number of rotations are counted and timed Veloaties as a
function of time are hsted on a current meter rating chart, which 1s kept in the current-meter

carrying case

Stopwatch. A stopwatch 1s used to measure time during which velocity 1s measured at each point

1n the cross section
Maintenance and Calibration Procedures

Prior to and following the use of the current meter, spin tests will be conducted to ensure that the
umt performs acceptably The spin test will be performed 1n an enclosed area, such as in the cab
or  the enclosed rear of a truck, to prevent wind interference The test is to be performed prior
to attaching the current meter to the wading rod. While holding the meter steady in an area
sheltered from breezes, the technicians will spin the rotor and then press the start button on the
stopwatch. The techmcian will observe the meter until the rotor ceases to spin.

The duration of the spin for the pygmy meter will be more than 40 seconds, and for the Price AA
meter, 1t will be more than 90 seconds 1If the meter fails to meet the time-of-spin criteria, the
meter will be cleaned and oiled before use If the meter continues to spin well beyond these time

(4011-540-0100-940)(SWAREV.2)(02/27/92)
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Limits, the record will mdicate that the meter spun for 40+ seconds, n the case of the pygmy meter,
or for 90+ seconds 1n the case of the Price AA meter

To ensure rehable observations of veloaty, it 1s necessary that the current meter be kept in good
condiion. Before and after each discharge measurement, the meter cups or vanes, pivot and
bearing, and shaft will be examined for damage, wear, or faulty ahgnment During measurements,
the meter will be observed periodically when it 1s out of the water to be sure that the rotor spins
freely

Meters will be cleaned and oded daily when m use. If measurements are made n sediment-laden
water, the meter will be cleaned immediately after each measurement  After oiling, wipe away any

excess ol and spmn the rotor to make sure that it operates freely If the rotor stops abruptly, the
cause of the trouble wll be sought and corrected before using the meter

In addition to meter maintenance, the entire umt consisting of current meter, wading rod, and
digatal counter or headset will be checked before departure to the field each day as follows.

. Attach the current meter and digital counter/headset to the wading rod.

. Check the digital counter by ensuring that the readout 1s visible when the unit 1s
turned on,

. If a headset 1s being used

- Spin the current meter to ensure that audible clicks

occur

(4011-940-0100-940)(SW4REV.2)(02/27/92)
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525

52.5.1

- If audible chcks do not occur, the followng steps should be
taken

- Check that electronic connections are tight

- Check that the cat’s whisker hightly contacts the upper
part of the shaft

- Spin again If audible clicks still do not occur, check
that the battery mn the headset is properly ahgned.
Replace the battery, if necessary

Field Procedures

Overview. In accordance with SW 1, Surface Water Data Collection Activities, the field crew will
determune the type of site being visited Upon arrval at the site, the field technicians will evaluate
the flow conditions to determine which measurement method 1s appropriate. Based on flow
conditions, either the Price AA meter or the pygmy meter will be selected to perform a veloaty-

area measurement

At cach measurement powmnt (or section) across the stream cross section, depth 1s measured prior
to measurcment of veloaty Place the wading rod about 0.5 feet downstream from the tagline to
prevent contact with the current meter when the meter 1s lowered mnto measuring position. Place
the wading rod in the stream so the base plate rests on the streambed. The depth of water is read
from the graduated main rod. The mamn rod is graduated mto 01-foot increments These
increments are indicated by a single score in the metal. Half-foot increments are marked by two
scores 1 the metal, and each foot 1s marked by three scores in the metal. A vernier scale on the
upper handle of the rod corresponds to 0 1-foot increments, and has 1 through 9 mn raised numbers

(4011-940-0100-940) (SWAREV.2)(02/27/92)
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5252

next to raised marks A shding, adjustable rod, known as the setting rod, to which the meter 1s
attached, has single scored marks which are ahgned with values on the vernier scale

In high veloaity areas, 1t 1s recommended that depth be read as the value between depth on the
upstream side of the rod and depth on the downstream side of the rod. Depth is measured to the
nearest 0 02 foot Ths depth 1s used to set the vertical location of the current meter.

The setting rod 1s then adjusted downward so that the scored mark of the setting rod which
corresponds to the range of depth 1n feet (e g., if depth = 046, range in feet = 0, or if depth =
172, range m feet = 1) 1s ahgned with the stream depth value transposed to the vermer scale This
automatically positions the meter for use in the 06 method as the meter 1s then six-tenths of the
total depth from the surface of the water

For using the two-point method of velocity measurement, the depth of water 1s divided by 2. This
value 1s set so that the meter will be at the 0 8-depth position from the water surface The depth
of water 15 then multiphed by 2, and this value 1s sct The meter will then be at the 02-depth
position measured down from the water surface These two positions represent the conventional
02- and 0 8-depth posiions If depths are less than 0.30 foot, the 0.5 method may be used. The
observation depth recorded will then be 0.5 of the total depth

Steps to be Followed jn Measuring Discharge. If water quality or sediments are sampled n
conjunction with discharge measurement, samples will be collected prior to making discharge

measurements The following steps are to be followed 1n discharge measurement

. Evaluate the measurement location Chose a location where flow 1s least
turbulent If the prescribed location is in a stream reach with highly turbulent flow
conditions, try to select a location immediately upstream or downstream from the
prescribed location. Flow should be visible from bank to bank. Eddies and slack

(4011-940-0100-940)(SW4REV.2)(02/27/92)
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water must not be present Neither the type AA meter nor the pygmy meter wall
be used for measuring velocities slower than 0 1 fps unless absolutely necessary

Remove aquatic vegetation, ice, or other minor flow impediments. When such
modifications are made, excraise great care to avoid unnecessary movement of
sediments or the splashing of sediments or water onto field personnel. Allow flow
to stabithze before the current meter measurement begins

Position a tape about 1 foot above the surface of the water Secure the tape so
that 1t remains taut and perpendicular to the channel

Select a starting pont at either the left bank (left edge of water, LEW) or the
nght bank (nght edge of water, REW) LEW and REW are determmed when
facing downstream Record LEW and REW in the manner shown in Figure SW 4-
3 on the Discharge Mcasurement Notes (Figure SW.4-4)

Note the distance 1n feet, and the stream direction, that this cross section hes from
the prescribed location For example, the note may read "25 feet downstream” or
*15 feet upstream "

Measure the width of the stream, mn feet After selecting the Price AA or pygmy
meter (see Table SW 4-2), follow guidehnes 1 Subsection 51.2.1 to select the
number of subsections in which to measure veloaty attempting to measure no
more than 5% of total flow in any one section, if possible

After determining the distance desired between measuring points, commonly
referred to as sections, measurement can begm. Record the time and bank at
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which measurement starts on the discharge measurement notes as "REW Start
0000", using REW or LEW depending upon whether starting at the nght or the
left edge of the water

Note the distance to the beginning edge of water from the imtial point. The nitial
point 1s an arbitrary point on the tape, preferably zero, which lics on the shoreside
of the stream All station locations are recorded as distances from the imitial

poumnt

Proceed to the first station beyond the edge of water Record the distance from
the mmtial point on the discharge measurement notes Place the wading rod into
the stream so the base plate rests on the stream bed

Stand downstream of the taghne or tape and face upstream. Do not stand behind
or close to the meter Raise the current meter on the wading rod so that it is well
above the surface of the water

Measure stream depth at the measurement point as indicated on the wading rod.
Record the stream depth to the nearest 002 foot (for example 032 feet or 1.54
feet)

Lower the meter to the required depth and record the observation depth. The
-observation depth as a fraction of total depth is 06, 0.2, 0.8 or occasionally 0.5.

The techmcaian will stand 1n a position that least affects the velocity of the water
passing the current meter That position 1s usually obtained by facing upstream
with the arm fully extended The technician will stand at about a 45-degree angle
downstream from the wading rod. The wading rod 1s held mn a vertical position

(4011-940-0100-940)(SW4REV.2)(02/27/92)



DISCHARGE MEASUREMENT

EG&G ROCKY FLATS PLANT Manual: 5-21000-OPS
EMD MANUAL OPERATION SOP Procedure No.: SW4, Rev. 2
Page: 26 of 36
Effective Date: March 1, 1992
Category 2 Organization: Environmental Management

with the meter parallel to the direction of flow Avoid standing n the water when
possible

Start the digital counter After 40 seconds, stop the counter Note that the
counter reports veloaty

If using the headset rather than the digital counter, start the stopwatch on the first
click and begin counting chicks. The first click counted after starting the stopwatch

1s counted as one

After at least 40 seconds have passed, stop the stopwatch on a click. Record the
aumber of seconds and the number of revolutions (clicks) on the same hne of the
notes as the recorded depth

Determune velocity as a function of clapsed time and number of revolutions from
the velocity chart Record veloaty 1n the appropnate column, If the flow meter
1s not hned up paraliel to the flow, the cosmne of the angle that the flow direction
1s from parallel 1s needed to correct veloaty values. This 1s done by the following:

- Hold up a copy of the discharge notes
- Lane up the dot (shown 1n the cosine of the angle column of the notes)

with the number on the tape that designates the measurement point of
the cross-section.

- Rotate the note by prvoting at the dot until the edge of the note is aligned
with the flow Find the number along the notes perimeter that lines up
with the tape. This 1s the cosine of the angle. Record ths value for the
station .

(4011-940-0100-940)(SWAREV.2)(02/27/92)
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Proceed to the next station Record the distance from the mitial point to the
station. Repeat measurements of depth and veloaty. Continue 1n this manner

across the stream

After recording the distance measurement at the last station, record the time at
which the ending edge of water 1s reached (¢ g. LEW [or REW] FINISH 1330)

Note velocity and depth at the edge of water as zero

Evaluate and record the following: Flow characteristics, weather conditions, air

temperature, water temperature, observer(s), type of meter, and remarks

If less than 20 subsections have been used for the measurcment, repeat the
measurement steps Begin from the opposite bank from where the previous

measurement began

52.6 Discharge Calculations

Using a calculator as needed, calculate discharge on the discharge notes as follows:

Use the distances from mtial pomnt to compute width for each subsection The
first wadth is computed by subtracting the first distance (edge of water) from the
sccond distance, and dividing this quantity by two The second width will be the
difference between the third distance and the first distance, divided by two. For
each subsequent width, subtract the previous station distance from the following
station distance, and dvide this quantity by two The final width is calculated as
the difference between the final distance and the second-to-the-last distance,

(4011-940-0100-940)(SWAREV.2)(02/27/92)
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divided by two Sum the wadth column and check to be sure that the calculated
width equals the distance between the REW and LEW

Multiply the width by the depth for each station to determune the arca of each
subsection Sum the areas to determine total area

If the angle between the flow and the meter onentation 1s not 90 degrees, correct
the measured veloaity readings by multiplying the veloaty by the cosine of the

angle

Multiply the velocty by the area for each station to obtamn the discharge for each
subsection

Sum the discharges for each subsection to determune total discharge and record
the value

If two sets of discharge measurements beginning at opposite banks were taken,
repeat the discharge calculations for the sccond sct of data. Average the total
discharges for the two measurements Record the average value and report it for
mput into the database

53 CONTROL STRUCTURES

Control structures such as weirs and flumes can be used to determune discharge. These structures
have regular dimensions that allow for a consistent relationship between water level and discharge
Five Parshall flumes are 1n operational condition at RFP, and more are to be mstalled. This section
describes use of Parshall flumes to measure discharge With the exception of small v-notch weirs
i pipes 1 and ncar the sewage treatment plant, no weirs are known to be in operation at RFP,

(4011-940-0100-940)(SWAREV.2)(02/27/92)
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53.1

S83.1.1

§3.12

therefore, this section provides general guidelnes for the use of weirs 1n measuring discharges.
Should weirs be nstalled at RFP, addenda to this SOP will be prepared to describe the use of the
spealfic type of werr in discharge measurement.

Introduction

Weirs. Weurs are classified under the general categones of (1) broad crested, or (2) sharp crested.
Dascharge over a broad-crested weir takes the form
Q=CLH*?,
where Q 1s the discharge, L 1s the crest length, and H is the depth of water over the crest of the
weir Values for the coefficient C are given 1n hydraulic handbooks Whale the exponent for H histed
here 1s apphicable to many weirs, hydrauhc handbooks should be consulted to find the correct
exponent for the weir being used

Sharp crested weirs are constructed in a vartety of shapes, but the most common are V-notch,
rectangular, and Cipolietts

Flumes. A calibrated constriction placed 1n a stream channel changes the level of the
water 1n or near the constriction Flumes are constructed so that a restriction in the channel causes
the water to accelerate, producing a corresponding change (drop) in the water level.

When the physical dimensions of the flume constriction are knmown, discharge through the
constriction may be determmed from measurement of depth. Refer to Subsection 5.1.3.6.2 for a
description of discharge measurement for Parshall flumes

Typical flumes consist of three sections

. A converging section to accelerate the approaching flow.

(4011-540-0100-940)(SWAREV.2)(02/27/92)
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532

§32.1

5322

) A throat section, whose wadth 1s used to designate flume size.
. A diverging section, designed to ensure that the level downstream is lower than
the level in the converging section

The stage of a stream 1s the height of the water surface above an established elevation. Stage 1s
usually expressed mn feet The Parshall flume consists of a converging section with a level floor, a
throat section with a downward sloping floor, and a diverging section with an upward sloping floor
(see Figure SW 4-5) The principal feature of the Parshall flume (developed by R Parshall in 1922)
1s an approach reach having converging sidewalls and a level floor, the downstream end of which
1s a critical depth cross section The primary stage measurement 1s made 1n the approach reach at
some standard distance upstream from the critical-depth cross section

The flumes are designated by the width (w) of the throat Flumes having throat widths from 3
mches (in ) to 8 feet (ft) have a rounded entrance whose floor slope is 25 percent Smaller and
larger flames do not have that feature

Required Measurement Conditions

Weirs For werr formulas to give accurate values of discharge, the upstream face of the

werr must be vertical and at mght angles to the channel, and the crest of the weir must be
horizontal. In addition, atmosphenc pressure should be maintained under the nappe, and the
approach channel should be straight and unobstructed The head, h, should be measured far
enough upstream from the weir to avoid the affect of curvature of the water surface near the weir

Flumes Ideally, flow rate through a flume may be determined by measurements at a
single point some distance downstream from the inlet and above the throat

(4011-940-0100-940)(SWAREV.2)(02/27/92)




DISCHARGE MEASUREMENT

EG&G ROCKY FLATS PLANT Manval: 5-21000-OPS
EMD MANUAL OPERATION SOP Procedure No.: SW.4, Rev, 2
Page: 31 of 36
Effective Date. March 1, 1992
Category 2 Organization Environmental Management

Note Three-inch to eighi-foot flumes have
rounded approach wingwalls
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533 Equipment

534

§34.1

5342

The followang equipment will be needed

. Current meter

. Carpenter’s level
. Framing square
. Measuning tapes
. Staff gauge

Maintenance and Calibration Procedures

Weirs. All weirs will be mspected to determme that they pronide a uniform nfluent flow
distnbution and that they are placed squarely across the channel. Corrosion of the crest of a sharp-
edged werr or damage by floating debns may alter the werr coefficent If a broad-crested weir 15
to be used for measurement purposes, its shape must conform to one for which coefficients have
been established by tesing The equations and tables found mn hydraulics references that are used
to compute the flow over weiwrs apply only to free-flow conditons When the water level
downstream from a weir nises above the level of the weir crest, the weir crest 15 said to be
submerged Formulas have been developed for flow over submerged weirs, but under such
conditions accurate flow measurement 1s not possible because surface disturbances downstream
from the weir make it difficult to measure the depth of submergence

Flumes. All flumes will be mmspected to determine that entrance conditions provide a uniform
influent flow distribution, the converging throat section is level, and that the throat section walls are
vertical. The flume will be closcly examined to determine that it 15 discharging frecly. Any
problems observed during the inspection wll be noted and reported to the field manager

(4011-940-0100-940)(SWAREV.2)(02/27/92)
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535 Procedures

5351 OQOverview. In accordance with SW 1, Surface Water Data Collection Activities, the field crew will
determune possible flow conditions based on past activitics at the site before going to the field data
site Upon arnval at the site, the techmaans will evaluate the flow conditions to verify the
appropnate method for flow measurement If the flow conditions meet those outhned m Subsection
5132, then the techmaans will observe and use judgment 1n approxmating the flow volume and
will perform a measurement based on use of the control structure

5352 in rin,
. Remove any matenal that may have accumulated 1n the flume or on the
weir
. If the station includes a chart recorder, inspect the strip chart on the

recorder to verify that it 1s operating

. Note any detenioration of the station, report these conditions to the field
manager at the conclusion of daily data collection activities

. Measure and record the throat width to the nearest 1/10 of an inch.

J Use the staff gage to measure and record the gage height to the nearest 0.02 foot

. Calculate discharge as described in Subsection 5 1.3.6

. Record the calculated discharge and the ime and date of the site visit.

{4011-940-0100-940)(SWAREV .2)(02/27/92)
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536 Discharge Caiculations

§3.6.1 Weirs. Equations are derived for weirs of specific geometry which relate static head to discharge

53.62

6.0

70

Weirs are generally classified into two general categonies (1) broad crested, and (2) sharp crested.

A set of werr tables is necessary for calculating flows The weir tables are specific to the type of
werr If weirs are established at RFP, tables specific to the weirs will become an addendum to this
SOP

Flumes. A set of flume tables 1s necessary for calculating flows The flume tables are specafic to
the type of flume If flumes other than Parshall flumes are mnstalled at RFP, tables specific to the
flumes will become an addendum to this SOP For Parshall Flumes refer to Table SW 4-3, Free-
Flow Discharge-Parshall Flume, cfs Based on the gage height (head, H, in fect) and the throat
width of the flume (size of flume, W), the discharge 1s read directly from Table SW 4-3

Note that approximate values of discharge for heads other than those shown may be found by direct
mterpolation n the table

QUALITY ASSURANCE/QUALITY CONTROL

Quality assurance (QA) and quality control (QC) activities will be accomphshed according to
applicable project plans as well as quality requirements 1n this SOP

DOCUMENTATION
Information required by thuis SOP will be documented on the discharge measurement notes shown

in Figure SW 44 These notes can be found in the Surface Water Data Collection Form (Form
SW1A) The form is found m SW 1, Surface Water Data Collection Activities. Data required by

(4011-940-0100-040)(SW4REV.2)(02/27/92)
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this SOP mcludes flow measurement device calibration information and field flow measurement
data.

(4011-940-0100-240)(SW4RBV.2)(02/27/92)
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Table SW.4-3
Free Flow Discharge — Parshall Flume, cfs
Sise of Flome W'
=il S R I A S O N N I A
01t 0028 1005|1009 | — - - - — -— -— - —
0.2 0082 0161026} 0351 Q.51 661 097 126} - - - -
03 0154 10311049 ) 064 94| 12¢] 1.82] 239] 296 3s2 408 462
04 0241 048} 076] 099 147 193] 286 377] 468 557 646 4
05 0339 J069]106) 139) 2061 273] 405] $36] 666 794 9231 1051
06 0450 (092 ] 140 184} 273 3621 $39| 715| 889| 1063 | 1236 1408
07 0571 | 117 178) 233) 346) 460] 6861 911 11136] 1359 1582 1804
08 0702 [ 1asf218] 285] 426 S66] 846f1125]| 1404 ] 1681 ) 1959] 2236
09 0843 | 1724]) 261} 341 ] S10] 68011017]133811692] 2029] 2366} 2702
10 0992 | 206] 307 400( 600{ 800 1200} 1600|2000| 2400| 2800 | 32.00
1! —_ 240 (335! 462 695 927]1393]1860)2326) 27941 32621 31N
12 —_— 275|406 s281 794 1061 159621332671 ] 3210] 3750] 42.89
13 — | = J4s9] s96| 89911201 | 181012421 | 3033 3647 42621 4218
L4 - — 1514 668110101 1348120322721 | 3411 ] 4105] 4799 $495
s — | == ] 741}1120§1500] 2264 (3034|3806 4582 53S9 6140
16 - -— -— 8181240 1658]2505]3359 4217 3079]| $942} 6810
17 -_— e 897 (1360 (821 | 2755 4643 | 5593 6548 7508
18 — —_— - 979 | 14801990 30.13 [ 4045 | 5083 | 6129] 7175§ 8229
19 -_ - | - |1062]1610| 2163} 3279 0515539 6681 7824 | 8976
20 - — 1 — |1149]1740]2343]3553]4777160.08} 72 84941 9748
21 - -1 — {1237{188042527{3835{S159{6492] 78374 9i84 1 10540
22 -— — | — ]1328]2020)2715}41.25]5552]6990]| 8441 9894 | 11360
23 -_— — | = {1421 2160]2909 | 4422595617501 | 9061 | 10620 ] 12200
24 -_— - — 1516|2300 3109]4727]6369]8025] 9697 | 11370 ] 13070
25 - -} — 11613]2460{3311|5039]6793|8562] 10350 | 12140 13950

NOTE Approximate values of flow for heads other than those shown may be found by

direct interpolation 1n the table

From Groundwater and Wells, Second Edition, 1986
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